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These inversions were found in both homozygous and het-
erozygous state over a wide geographic range suggesting 
that they are floating polymorphisms. Given the potential 
role of inversions in post-mating isolation (through produc-
tion of aneuploid gametes), the prevalence of inversions as 
floating polymorphisms in the vlei rats suggests that they 
are probably retained in the population through suppres-
sion of recombination in the inverted regions of the chromo-
somes.  Copyright © 2011 S. Karger AG, Basel 
 The African vlei rat , Otomys irroratus (OIR), is char-
acterized by widespread intraspecific chromosomal vari-
ation (2n = 23–32) in South Africa [Robinson and Elder, 
1987; Contrafatto et al., 1992; Taylor et al., 1992; Rambau 
et al., 2001]. Within this variation 2 chromosomal blue-
prints, 2n = 24 and 2n = 28 [Rambau et al., 2001] which 
are reproductively isolated have been identified [Pillay et 
al., 1992]. However, some authors propose the presence of 
3 cytotypes based on the number of heterochromatic 
short arms present in a specimens’ karyotype [Contra-
fatto et al., 1992]. These cytotypes differ due to the occur-
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 Abstract 
 Pericentric inversions are important for evolutionary biology 
because of their potential role in speciation. They may result 
in reproductive isolation due to illegitimate pairing of homo-
logues at meiosis which leads to the production of aneu-
ploid gametes (containing deletions or duplications of chro-
mosomal segments), and consequently mediate chromo-
somal divergence. In this study, we describe the prevalence 
of pericentric inversions in the African vlei rat,  Otomys irrora-
tus (OIR). The species is characterized by intraspecific chro-
mosomal variation (2n = 23–32) across its distribution in 
southern Africa. Here, we analyzed 55 individuals collected 
from 7 localities in South Africa by G- and C-banding and 
chromosome painting with flow sorts of  Myotomys unisulca-
tus . Of the 55 specimens that were analyzed, 47% contained 
inversions or centromeric shifts on 4 autosomes (OIR1, 4, 6 
and 10) which were present singly in specimens (i.e. none
of the specimens contained all 4 inversions concurrently). 
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rence of a compound chromosome in the 2n = 24 cyto-
type which is derived from a tandem fusion of 3 auto-
somes (OIR7, 8 and 12) in the 2n = 28 cytotype [Rambau 
et al., 2001; Engelbrecht et al., 2006], the presence or ab-
sence of 1–4 supernumerary chromosomes and hetero-
chromatic additions or deletions. Recently, mt -Cytb  DNA 
analysis of these 2 cytotypes revealed they are highly di-
vergent and characterized by a 6.5–10.1% sequence diver-
gence suggesting that they should be recognized as 2 sep-
arate species:  O. auratus  with 2n = 24 which occurs in the 
northeastern parts of South Africa and  O.  irroratus which 
occurs in the southwestern part of South Africa (2n = 28) 
[Taylor et al., 2009].
 In addition to differences at the mitochondrial level, 
Taylor et al. [2009] identified the presence of pericentric 
inversions in Grahamstown specimens involving chro-
mosome 4 in the 2n = 28 cytogroup  (O. irroratus) . While 
the detection of pericentric inversions is not novel in the 
vlei rat (the first inversion was detected in chromosome 
pair 6 by Robinson and Elder [1987]), their presence in a 
heterozygous condition suggested that they may repre-
sent floating polymorphisms. Their presence in natural 
populations is interesting because of their ability to pro-
duce genetic isolation between conspecific populations 
leading to species formation as found in a variety of spe-
cies including fruit flies,  Drosophila  (e.g.  D. persimilus 
and  D.  pseudoobscura differ as a result of 3 inversions 
[Coluzzi et al., 1985]), African water rats,  Dasymys  cf.  in-
comptus  [Volobouev et al., 2001], South American tuco-
tucos,  Ctenomys [Novello and Villar, 2006], Japanese tal-
pine moles,  Euroscaptor and  Mogera [Kawada et al., 2001] 
and reef fishes  Centropyge [Affonso and Galetti, 2005]. 
Interestingly, pericentric inversions have also been wide-
ly documented within species suggesting that there may 
be a mechanism to circumvent their deleterious effects 
[Hoffmann and Rieseberg, 2008]. Indeed, pericentric in-
versions have been detected as floating polymorphisms 
in a variety of taxa including deer mouse,  Peromyscus 
maniculatus [Greenbaum and Reed, 1984; Rogers et al., 
1984], sitka deer mouse,  Peromyscus sitkensis [Hale, 
1986], cotton rat,  Oligoryzomys nigripes [Bonvicino et al., 
2001], multimammate rat,  Mastomys [Volobouev et al., 
2001] and white-throated sparrow,  Zonotrichia albicollis 
[Thomas et al., 2008], and other species. Each of these 
cases suggests that inversions may not be underdominant 
and that they are retained within populations by suppres-
sion of recombination in the inverted regions of the chro-
mosome resulting in the formation of balanced gametes 
[Hale, 1986; Trickett and Butlin, 1994; Noor et al., 2001; 
Kirkpatrick and Barton, 2006]. Therefore, suppression of 
the meiotic apparatus is probably partly responsible for 
the retention of pericentric inversions as floating poly-
morphisms in natural populations.
 Classical chromosomal banding techniques such as G-
banding [Seabright, 1971] and C-banding [Sumner, 1972] 
among others have provided the means to identify rear-
rangements such as pericentric inversions for cross-spe-
cies and intraspecific comparisons [see Qumsiyeh, 1986]. 
However, classical banding techniques are not effective 
when taxa are characterised by extensive genome rear-
rangements such as  O. irroratus . Using banding patterns 
alone, it is therefore very difficult to delineate complex 
rearrangements such as pericentric inversions as this data 
is subject to convergence [Stanyon et al., 1999; Robinson, 
2001]. Fluorescence in situ hybridization (FISH) uses 
probes to identify regions of homology between taxa and 
is able to identify regions of homology within taxa un-
equivocally at the molecular level. In other words, differ-
ences amongst specimens of a species can be identified 
with absolute confidence [Scherthan et al., 1994; reviewed 
in Murphy et al., 2001, 2005].
 The recent observation of pericentric inversions in
isolated populations of  O. irroratus [Taylor et al., 2009] 
raised questions about the prevalence of these rearrange-
ments in the range of the species. In this study, we ana-
lyzed 55 specimens collected throughout the Western 
Cape, Eastern Cape and Free State provinces of South Af-
rica. These specimens were karyotyped and analyzed us-
ing both banding techniques (G- and C-banding) and 
FISH with probes developed from the bush karoo rat,
 Myotomys  unisulcatus . Of the 55 specimens that were 
karyotyped, 26 carried inversions or centromeric shifts 
in pairs OIR1, 4, 6 and 10 in both homozygous and het-
erozygous form suggesting that they probably occur as 
floating polymorphisms. We discuss the potential evolu-
tionary impact of this class of chromosomal rearrange-
ment in this widely distributed African endemic rodent.
 Materials and Methods 
 Specimens and Tissue Culture 
 Fifty-five wild caught vlei rats were sampled in the Western 
Cape, Eastern Cape and Free State provinces of South Africa ( ta-
ble 1 ). Tissue biopsies were taken from specimens, sterilized and 
thereafter fibroblast cell cultures were established using standard 
techniques. Tissue cultures were maintained in an incubator at 
37  °  C and 5% CO 2 . Metaphase cells were harvested using 10% Col-
cemid (in Dulbecco’s Modified Eagle Medium, DMEM) to arrest 
cell division followed by a hypotonic treatment using 0.075  M KCl, 
and subsequently fixed in Carnoys fixative (methanol:acetic acid, 
3: 1). Slides were prepared by dropping approximately 12   l of the 
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metaphase suspension onto the slide. The quality of the chromo-
somal harvest was then inspected using a phase-contrast micro-
scope. 
 Chromosome Banding 
 Constitutive heterochromatin staining was done following 
Sumner [1972] with slight modifications. Briefly, slides were 
treated in 0.2  M HCl solution, followed by 5% Ba(OH) 2 and then 
stained using 5% Giemsa solution in 0.025  M KH 2 PO 4 buffer, pH 
7. In order to construct karyotypes, metaphases were G-banded 
following Seabright [1971]. This involved treating metaphase 
chromosome slides with trypsin (0.025% in 1 ! PBS) for 40–50 s, 
followed by a rinse in fetal calf serum buffer (500   l FCS in 50 ml 
0.025  M KH 2 PO 4 buffer), and then staining in 10% Giemsa (in 
0.025  M KH 2 PO 4 buffer). Karyotypes were arranged according to 
size and morphology following the first G-banded karyotype of 
the species [Robinson and Elder, 1987]. 
 Fluorescence in situ Hybridization 
 A sub-set of  Myotomys unisulcatus  f low-sorted chromosomes 
(MUN2/12, 3/5, 4, 7, and 8) was obtained from the Cambridge 
Resource Centre for Comparative Genomics (P.C.M. O’Brien and 
M.A. Ferguson-Smith) and used to confirm chromosomal re-
arrangements that were identified by banding techniques. The 
 Myotomys unisulcatus probes were used as part of a wider inves-
tigation focusing on the phylogenomics of the Otomyini. These 
flow sorts were amplified with the MW primer (5  -CCGAC-
TCGAGNNNNNNATGTGG-3  ) and labelled with biotin-16-
dUTP (Roche) or digoxigenin-11-dUTP (Roche) using DOP-PCR 
[Telenius et al., 1992]. 
 Fluorescence in situ hybridization was done following Rens et 
al. [2006] with slight modifications, and optimized according to 
Henegariu et al. [2001]. Briefly, slides were dehydrated in an etha-
nol series (70, 80, 90 and 100%), air-dried and then denatured for 
1 min in 70% formamide, 2 ! SSC at 65   °   C. The denaturation of 
chromosomes was stopped by placing the slides in ice-cold 70% 
ethanol for 3 min. The preparations were then dehydrated in the 
ethanol series (70, 80, 90 and 100%, 2 min each) and air dried. 
 DNA probe mixture consisting of 3   l DOP-PCR product,
3   l salmon sperm and 3   l mouse Cot DNA was precipitated us-
ing 3  M Na-acetate and 100% ethanol overnight at –80  °  C. Follow-
ing precipitation the probe mixture was spun down, rinsed with 
70% ice-cold ethanol and pelleted. The dried pellet was eluted in 
20   l hybridization buffer (50% deionized formamide, 10% dex-
tran sulfate, 0.5  M phosphate buffer pH 7.3, 1 ! Denhardt’s solu-
tion). The resuspended DNA probe mixture was denatured at 
70  °  C for 10 min and re-annealed for 20–30 min at 37  °  C. The re-
annealed probe was then applied to the denatured slide and sealed 
with rubber cement. Following a hybridization period of 24–48 h, 
slides were washed twice in 50% formamide, 1 ! SSC (5 min each) 
followed by 2 washes in 2 ! SSC (5 min each), and rinsed in
4XT (4 ! SSC, 0.05% Tween 20) for 10 min. All these solutions 
were used at 42   °   C. Biotin-labelled probes were detected using 
Cy3-avidin (1: 500 dilution; Amersham) and digoxigenin-labelled 
probes were detected using anti-dig FITC (1:  500 dilution; Amer-
sham). Chromosomes were counterstained with DAPI (4  ,6-
diamidino-2-phenylindole), and the slides were mounted with 
Vectashield medium. Images were captured with a CCD camera 
coupled to an Olympus BX60 epifluorescence microscope 
equipped with fluorescent filters and analyzed using the Genus 
software version 3.7 (Applied Imaging, Newcastle, UK). 
Table 1.  Summary of the chromosomal data from each of the Otomys irroratus populations sampled in the Western Cape, Eastern Cape 
and Free State provinces of South Africa





NFa Presence (+) or absence (–) of 
pericentric inversions
OIR 1 OIR4 OIR6 OIR10
Western Cape Province
Porterville 32°5915S; 19°0128E 8 28 42–50 – + + –
Oudtshoorn 33°3956S; 22°0739E 1 28 50 – + – +
Stellenbosch 33°5554S, 18°4947E 9 28 40–44 – + + +
Van Rhynsdorp 31°4446S; 18°4626E 1 28 43 – – + –
Beaufort West 32°1519S, 22°3425E 4 28 44–46 – + + –
Eastern Cape Province
Somerset East 32°4162S; 25°3780E 20 28–32a 40–52 – – + –
Baviaankloof 33°3938S; 24°3757E 5 28 45–49 – – – –
Kroomie 32°6203S; 26°1812E 5 28; 29a 46–49 + – – –
Free State Province
Theunissen 28°3006S; 26°487E 2 28; 30a 37–38 – – – –
The populations displayed variation in diploid number (2n), fundamental number (NFa), and the presence or absence of inversions 
or centromeric shifts in autosomes OIR1, 4, 6 and 10. 
a V ariation in diploid chromosome number resulting from the variable number of B chromosomes.
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 Results and Discussion 
 Forty-eight of the 55 individuals had the diploid num-
ber 2n = 28 and the remaining 7 had diploid numbers 
ranging from 2n = 29 to 32 due to the presence of 1–4 su-
pernumerary B chromosomes. This variation was ob-
served in all sampled localities. The karyotypes were 
composed of bi-armed chromosomes (OIR1–9) which 
had heterochromatic arms and also acrocentrics (OIR10, 
12, 13). The X was biarmed and the Y was small and par-
tially heterochromatic. G-band comparisons revealed 
that 29 specimens had a karyotype similar to that of the 
standard karyotype [Robinson and Elder, 1987]. Devia-
tion from the standard was partly due to variation in het-
erochromatin additions or deletions in autosomes OIR7–
13. Chromosomal pairs OIR1–5 always had heterochro-
matic short arms. 
 Previously,  O. irroratus  was divided into 3 cytotypes 
based on the number of heterochromatin-bearing chro-
mosomes: A cytotype (acrocentric cytotype without het-
erochromatin), B cytotype (contains heterochromatic p 
arms in 6–8 autosomal pairs) and C cytotype (contains 
heterochromatin in 4 pairs) [Contrafatto et al., 1992]. Fol-
lowing these criteria we obtained 2 cytotypes in our sam-
ple of 55 specimens. The first is the B cytotype character-
ized by heterochromatic p arms in autosomes OIR1, 2, 3, 
4, 5, 6, 7 and 10. This was observed in the animals from 
the Eastern Cape province (n = 29) and in the single spec-
imen collected in Oudsthoorn in the Western Cape prov-
ince ( table 1 ). The second cytotype (C cytotype) detected 
in this study is defined by 4 pairs of autosomes with het-
erochromatic short arms (OIR1, 2, 3, 4) present in speci-
mens sampled in the Western Cape and Free State prov-
inces ( table 1 ). While the distribution of the C cytotype 
falls within the limits demarcated by Contrafatto et al. 
[1992], this study documents the first description of the 
B cytotype in the Western Cape province.
 Of the 55 specimens that were analyzed in this study, 
26 specimens displayed variation in NFa on the euchro-
matic regions of 4 autosomal pairs, OIR1, 4, 6 and 10 ( ta-
ble 1 ,  fig. 1 ), indicating the involvement of inversions or 
centromeric shifts. For discussion purposes we refer to 
the rearrangements as inversions. With the exception of 
the pair 6 inversion which was first described by Robin-
son and Elder [1987], and the inversion in pair 4, first de-
scribed by Taylor et al. [2009], 2 are novel. These rear-
rangements were identified by G- and C-banding and 
confirmed with FISH using 5  M. unisulcatus probes 
(MUN2/12, 3/5, 4, 7 and 8;  fig. 1 ). The syntenic associa-
tions identified by these probes were either disrupted by 
a centromere (in the inverted homologues) or were re-
tained intact in the un-inverted homologues, with the 
centromere positioned outside the syntenic block ( fig. 1 ). 
The inversion identified in OIR1 was identified in 3 spec-
imens sampled in 1 locality in Kroomie (Eastern Cape 
province). The rearrangement in OIR4 is characterized 
by 2 structural changes: an inversion involving the region 
proximal to the centromere on the p arm and secondly an 
addition of heterochromatin on the p arm. Since hetero-
chromatin does not contain any functional genes, it is not 
likely to have any reproductive impact; therefore, the ad-
dition of heterochromatin on pair 4 is not considered as 
an evolutionarily significant rearrangement. This rear-
rangement was detected in 3 populations in the Western 
Cape province (Porterville, Oudtshoorn and Beaufort 
West). The inversion in OIR6 is present in 4 localities in 
the Western Cape province (Porterville, Stellenbosch, 





 Fig. 1. The pericentric inversions which were found on pair OIR1, 
4, 6 and 10. The inversions were detected using G-banding, C-
banding and FISH with  M. unisulcatus probes. Heterozygous in-
version in pair 1 was found in 3 specimens. It was confirmed using 
MUN7 paint. The inversion in pair 4 was present in either hetero-
zygous or homozygous state in 6 specimens and was confirmed 
using MUN2/12 and 8 paints. Heterozygous or homozygous in-
versions in pair 6 were detected in 14 specimens and confirmed 
with MUN3/5. Three specimens heterozygous for the inversion in 
pair 10 were found and confirmed with MUN3/5 and 4. Pink and 
green signals indicate biotin- and dig-labelled paints, respective-
ly. Chromosomes were counterstained with DAPI. Arrows show 
the position of the centromeres. 
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Beaufort West and Van Rhynsdorp) and in the Eastern 
Cape province (Somerset East and Kroomie) and rear-
rangement OIR10 was detected in 3 localities in the West-
ern Cape province (Oudtshoorn, Stellenbosch and Beau-
fort West) ( fig. 2 ). These inversions were present in both 
heterozygous and homozygous states. While our data 
clearly indicates that the rearrangements identified in 
OIR1, 4, 6 and 10 were most likely due to inversions, we 
are unable to rule out the possibility of centromeric shifts 
which would be verifiable using locus-specific probes 
such as YACs and BACs.
 Evolutionary Implications of Polymorphisms 
 Naturally occurring chromosomal polymorphisms 
are very important for understanding the role of chromo-
somal evolution in speciation. In this study, we detected 
polymorphisms resulting from variation in B chromo-
somes, NFa, and inversions/centromeric shifts. The poly-
morphic nature of B chromosomes is well documented 
having been described in at least 55 species of mammals 
[Vujosevic and Blagojevic, 2004]. Since they are generally 
considered not to contain any functional genes, their 
presence or absence in mammalian genomes has no evo-
lutionary significance [Camacho et al., 2000; Vujosević 
and Blagojevic, 2004] and, therefore, their presence in  O. 
irroratus  specimens analyzed in this study is not expect-
ed to cause any reproductive impact between individuals 
and possibly between adjacent populations. Similarly, 
variation in NFa due to addition or deletions of hetero-
chromatic short arms may not lead to reproductive isola-
tion between specimens and adjacent populations. This 
is in congruence with mt -Cytb  gene data which clustered 
specimens with the B- and C-cytotype together in 1 
group with a 1.9% maximum sequence divergence be-
tween individuals from distant localities [Taylor et al., 
2009]. Therefore, the recognition of cytotypic races based 
on the number of heterochromatic short arms appears 
superficial and consequently has no evolutionary signifi-
cance especially since there is no discernable geographic 
pattern (clinal variation) in  O. irroratus specimens ana-
lyzed in this study.
 In contrast, polymorphisms involving pericentric in-
versions have significant evolutionary importance. In the 
first instance, when 2 populations differ as a result of in-
versions, this may lead to reproductive isolation partly
due to the formation of aneuploid gametes (containing 
deletions or duplications) when the F1 generation parents 
carrying the inversions mate. This is the result of illegiti-
mate pairing of homologues at meiosis [Rieseberg, 2001; 
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km
 Fig. 2. The distribution of  O. irroratus  in-
dividuals with inversions in South Africa 
reported in this and previous studies [Rob-
inson and Elder, 1987; Contrafatto et al., 
1992]. Colour codes indicate pair 1 (yel-
low), pair 4 (blue), pair 6 (green), and pair 
10 (orange) and B chromosomes (pink). 
 Chromosome Polymorphisms in African 
Vlei Rats 
Cytogenet Genome Res 2011;133:8–15 13
tion mediated by chromosomal evolution [Hey, 2003; Na-
varro and Barton, 2003] as found in a variety of taxa in-
cluding  Dasymys  [Volobouev et al., 2001], South Ameri-
can tuco-tucos [Novello and Villar, 2006b], gerbils of the 
genus  Taterillus [Dobigny et al., 2005], Japanese talpine 
moles  (Eurocaptor and  Mogera,  separated by 8 inversions) 
 [Kawada et al., 2001] and reef fishes of the genus  Centro-
pyge  which are separated by 22 inversions [Affonso and 
Galetti, 2005].
 A critical factor in determining the role of a chromo-
somal rearrangement in speciation is whether or not the 
rearrangement is underdominant, i.e. where the parental 
homozygotes have greater fitness than their heterozygote 
offspring [Forsdyke, 2004]. In such a case the underdom-
inant rearrangement can become fixed through genetic 
drift in small populations [Templeton, 1981; Rieseberg, 
2001]. Therefore, if the rearrangements identified in 
OIR1, 4, 6 and 10 were indeed pericentric inversions, they 
possibly would have resulted in reproductive isolation be-
tween populations unless the inversions in  O. irroratus 
represent another form of chromosomal polymorphism 
such as those detected in  Peromyscus [Greenbaum and 
Reed, 1984; Hale, 1986; Trickett and Butlin, 1994],  Oligo-
ryzomys  [Bonvicino et al., 2001] and  Mastomys  [Volo-
bouev et al., 2001]. In these cases, inversions were appar-
ently retained within populations by suppression of re-
combination in the inverted chromosomal regions during 
meiosis thereby allowing the persistence of pericentric in-
versions [Hale, 1986; Trickett and Butlin, 1994; Noor et 
al., 2001; Rieseberg, 2001; Kirkpatrick and Barton, 2006]. 
While the analysis of the  O. irroratus specimens in this 
investigation was restricted to G-banding and FISH (as 
opposed to silver staining of the synaptonemal complex-
es which enables the detection of heterosynapsis), it is not 
possible to rule out whether a similar mechanism may be 
responsible for the maintenance of the 4 inversions de-
tected in this study. In fact, evidence for recombination 
suppression and heterosynapsis is partly supported by the 
karyotypes that were obtained when a pregnant female  O. 
irroratus heterozygous for the OIR6 inversion produced 
2 offspring with different morphs of pair 6: one offspring 
was homozygous (both acrocentrics) and the other was 
heterozygous for the OIR6 inversion. While the viability 
of the 2 offspring was not determined (they were discov-
ered when the mother was dissected), it is possible that 
heterosynapsis may have been responsible for the reten-
tion of the pair 6 inversion in the 2 offspring. Alterna-
tively, it is equally likely that the rearrangements in OIR1, 
4, 6 and 10 may be a result of centromeric shifts rather 
than pericentric inversions. This is a plausible option 
since centromeric shifts do not disrupt adjacent synte-
nies, and therefore their retention within populations 
does not require evolutionary mechanisms such as het-
erosynapsis which we have not been able to demonstrate 
in this study.
 The presence of inversions/centromeric shifts within 
 O. irroratus throughout a wide geographic area ( 1 2,000 
km) suggests that the rearrangements may not be related 
to incipient species (even though it appears to be restrict-
ed to the Western Cape and Eastern Cape provinces in 
South Africa). Kirkpatrick and Barton [2006] proposed 
that heterosynapsis and chiasma suppression help to pro-
tect favourable allelic syntenies from recombination 
which may lead to evolution of ‘co-adapted gene com-
plexes’ located in the inverted regions (see discussion in 
Hale [1986] and example in Thomas et al. [2008]). Thus, 
the prevalence of this rearrangement in the Western Cape 
and the Eastern Cape provinces most likely suggests that 
the linkage groups residing in the inverted regions may 
contain adaptive genes that probably characterize the 
Western Cape and the Eastern Cape provinces of South 
Africa. It is noteworthy that the 2 regions differ consider-
ably from the rest of southern Africa. Firstly, the Western 
Cape province is in a winter rainfall area, and the Eastern 
Cape has a year-round rainfall regimen, unlike the rest of 
the country which experiences summer rainfalls and dry 
winters. Secondly, vegetation types are remarkably dif-
ferent from the rest of the country with the Fynbos biome 
extending from the Western Cape up to parts of the East-
ern Cape where it is replaced by the Albany thicket biome 
[see Mucina and Rutherford, 2006]. Given the unique en-
vironmental conditions characterizing the Western Cape 
and Eastern Cape provinces, it is conceivable that the 
floating polymorphisms provide an ideal mechanism to 
retain and protect region-specific adaptive genes [Kirk-
patrick and Barton, 2006; Hoffmann and Rieseberg, 
2008].
 In conclusion, the cytogenetic data presented in this 
investigation provide the first evidence of inversions or 
centromeric shifts occurring in polymorphic fashion in 
 O. irroratus . These rearrangements were detected in both 
heterozygous (biarmed and acrocentric homologue) and 
homozygous (either 2 biarmed homologues or 2 acrocen-
tric homologues) condition, clearly indicating that they 
are floating polymorphisms. Extensive coverage of the 
range of the species suggests that these rearrangements 
occur in the southwestern parts of South Africa (encom-
passing the Western Cape and the Eastern Cape prov-
inces). In addition, differences between and within popu-
lations are due to the presence or absence of heterochro-
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matic arms (and not inversions) which cause variation in 
the NFa (38–52), while the variation in diploid number 
from 2n = 28–32 is due to supernumerary B chromo-
somes, thus confirming and extending previously pub-
lished data [Contrafatto et al., 1992; Rambau et al., 2001]. 
Interestingly,  O. irroratus contains almost all known 
chromosomal rearrangements (inversions, heterochro-
matic additions, B chromosome variation, centric fu-
sions, and tandem fusions), and its recent radiation from 
a common ancestor (250,000 years ago) [Taylor et al., 
2009] makes it a suitable model to study the role of chro-
mosomal evolution in speciation. Finally, in order to bet-
ter understand the mechanism involved in retaining the 
rearrangements detected in the 4 autosomes identified in 
this investigation, future work will be directed at study-
ing synaptonemal complexes using immunostaining of 
spermatocytes and also BAC clones targeting the rear-
ranged chromosomal regions described in this study.
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